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NOTICE

The contents of this report reflect the views of Materials Lngineering and Testing Services.
which is responsible for the facts and the accuracy of the data presented herein, The contents do
not necessarily reflect the official views or policies of the State of Calitornia or the Federal

Ilighway Administration. This report does not constitute a standard specification or regulation.

Neither the State of California nor the United States Government endorses products or
manufacturers. Trade or manufacturers' names appear herein only because they are considered

essential to the object of this document.



Metric (SI) to English System of Measurement

SI CONVERSION FACTORS

To Convert From To Multiply By
ACCELERATION
m/s2 ft/s2 3.281
AREA
m2 ft2 10.76
ENERGY
Joule (1) ft.lby 0.7376
FORCE
Newton (N) by ).2248
LENGTH
m ft 3,281
m in 3937
cm in 0.3937
mim n 0.03937
MASS
kg b, 2.205
PRESSURLE OR STRESS
kPa pst 0.1450
VELOCITY
km/h mph 0.6214
nm/s /s 3.281
km/h ft/s 09113
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l. INTRODUCTION (continued)

1. INTRODUCTION
I.I.  Problem

The Federal 1lighway Administration (FIIWA) has establishcd a number of deadlines by
which roadside safety features used on the National Highway System will have to comply with
the crash testing criteria embodied in the National Cooperative Highway Research Program
(NCHRP) Report 350", Two deadlines arc applicable to the use of portable barriers.  Such
barriers instalied in work zones on a temporary basis on or after October 1, 2002 must mect the
Report 350 criteria.  Similarly, portable barrier used in permanent or semi-permanent

installations must mect the Report 350 criteria if instatled on or after October 1, 1998,

District 2 had a necd for portable, semi-permanent median barrier and unaware of the
FHHWA requirements for compliance with NCHRP Report 350 criteria, the district designed such
a barrier and had it built without first ensuring that it met the criteria.  This barner. the Type
60K, was placed n two separate configurations, onc with a Portland cement concrete (PCC)
foundation and another with an asphalt concrete (AC) base. The FIITWA may withhold federal
funding on highway construction projects utilizing roadside safety features that do not comply
with the Administration’s requirements to mect NCHRDP Report 350 criteria.  lowever, FHWA
representatives have been working with Caltrans to avoid this situation.  Caltrans staff have
stated their intent to conduct the necessary crash testing of the Type 60K barrier as soon as
practicable to demonstrate compliance with the applicable criteria, Following successful testing
and FIIWA acceptance, the Type 60K could continue to be used in District 2 and installed

anvwhere clse it 1s needed on the state highway system.

1.2.  Objective

It was the objective of this research project to conduct compliance testing of the Type 60K
portable semi-permanent barrier to determine whether it mects NCHRP Report 350 critena.
Since District 2 developed two configurations tor placement of the Type 60K barrier for semi-
permanent applications, 1wo sets of crash tests were necessary. In the event of a failure of one or
both of these configurations to meet the Report 350 criteria, provisions were made to modity the

designs and re-test the barricr to verity compliance.



I. INTRODUCTION (continued)

1.3.  Background

In February 1998, the FHWA issued a letter of acceptance for the Type 60 concrete median
barriecr (CMB), a single-slope design developed by Caltrans.  The Type 60 is a slip-formed
longitudinal barrier that has replaced the older Type 50 CMB as a standard barrier on California
highways. A District 2 project on Interstate 5 near Dunsmuir, California included over 10 km of
Type 60 CMB. Several sections of this median barrier were redesigned as portable segments
(the Type 60K) so these sections could be temporarily removed for traffic control purposes if

conditions so warranted,

The design of the Type 60K barrier shares some of the featurcs of the standard California
K-rail. Both are scgmented to allow removal, have lifting holes and scuppers for positioning,
and use pin and loop connections between the segments. Both designs are 610 mm wide at the
base, but at 3138 mm, the Type 60K segments are one-half the length of the standard K-rail

segments,

The Type 60K has a single-slope profile (9.1 degrees tfrom the vertical) while the K-rail
incorporates the Type 50 CMB (“safety-shape™) profile. There are also significant differences in
the manner in which the two designs are restrained from lateral movement. For semi-permanent
applications, K-rail is staked to the ground with four 1-m long stakes through the vertical holes

along cach face. The 60K is staked down in one of two ways:

1) The segments placed on AC use 32-mm diameter, 1330-mm long pins in the pin-and-loop

connections, with each pin being driven into the ground approximately 150 mm.

2) The scgments placed on a concrete base use the same 32-mm x 1330-mm pins in the pin-
and-loop connections described above. However, instead of being driven into the ground,
the pins drop into 50-mm diameter slecves that arc cast into the concrete base. In
addition, the concrete basc features a 30-mm deep trough in which the scgments are

placed.

[



I. INTRODUCTION (continued)

Both of these mecthods for restraining the 60K barrier are currently used m District 2,
Method 1 is the less expensive of the two, but method 2 offers more fateral restraint than method
I. The Typce 60K barrier had not been crash tested in either of the specified restraint

configurattons prior to installation.

1.4,  Literature Search

A scarch for information about construction barricr and semi-permanent barricr was
conducted using three separate sources. The first source was Charles McDevitt, with the Federal
Highway Administration’s (FHWA) Design Concepts Research Division in McLean, Virginia,
The second source was the database of reports held by the Roadside Safety Technology Branch
within Caltrans Materials Engineering and Testing Services, The third location was the Caltrans
Library within Caltrans lleadquarters (The Caltrans library also ran searches into the NTIS,

Compendex and TRIS databases.)

Each of the sources produced information on design history. Conversations with the FHHTWA
staff revealed current research dircction within the United States.
1.5, Scope

A total of six tests were performed and evaluated in accordance with NCHRP Report 350.

The testing matrix cstablished for this project 1s shown in Table -1,

Table -1 - Target impact Conditions

Test Mass of Test Speed Angle

Number Barrier Type Vehicle (km/h) (deg)
(kg)

562 60K on PCC (60K-v1) 2000 100 25

564 60K on AC (60K-v2) 2000 100 25

565 60K -v3 2000 100 25

566 60K -v3 820 100 20

567° 60K-v3 820 100 20

‘ Test 567 was a retest of test 566.




2. TECILINICAL DISCUSSION (continued)

2. TECHNICAL DISCUSSION

2.1.  Test Conditions - Crash Tests

2.1.1. Test Facilities

LCach of the crash tests was conducted at the Calirans Dynamic Test Facility in West
Sacramento, California. The test area is a large, flat. asphalt concrete surface. There were no
obstructions nearby except for a 2 m-high earth berm 40 meters downstream from the barrier in
tests 562 and 564.

2.1.2. Test Barrier

2.1.2.1, Design

The primary design considerations for the development of a semi-permanent barrier were:
[} Compliance with NCHRP Report 350 TL-3.

2) Minimum lateral movement during impact.

3) Ease of installation and removal,

Two designs were developed prior to the imitiation of this research project. The third design
was developed in response to the results of the crash tests of the first two designs.  All three
designs were based on a single-slope protile, contained reinforcing steel and used pin-and-loop

or pin-and-plate connectors to hold the precast scgments together.
Design | — 60K-v1
The design for the 60K-v1 i1s shown in Figure 6-20, located in the Appendix.

The first design (designated 60K-v1) consisted of concrete barrier segments 3138-mm long
and 910-mm tall installed on a PCC footing. The barrier profile was designed to match the Type
60 median barrier (1999 Cahfornia Standard Plan A76A). The face of the barrier was sloped at
9.1° off the vertical and each secgment was 610-mm wide at the base. The purpose of the footing

was to minize the lateral deflection.



2. TECIHNICAL DISCUSSION (continued)

Scgments were designed with pin-and-loop connections, For case of installation, the loops
were designed to be larger at onc end of cach barrier segment than at the other, The loops on one

=]

end had a 22-mm radius and the loops on the other end had a 50-mm radius,

The PPC basc featured a 30-mm deep wrough into which the 60k segments were placed. The
trough was designed to limit the lateral deflection to +/-30 mm. The edges of the trough were
reinforced with 50-mm angle iron.  The base also teatured steel-sleeved holes, 50-mm in
diameter and 150-mm deep. at 3138-mm intervals down the center of the base. The barrier
segments were situated such that each pin connecting two segments also extended down into the

steel-sleeved holes in the PCC base,

The test barrier included a PCC basc long cnough to support sixteen segments of 60K
barricr. These segments were placed in the trough in the base and connected with fifteen pins.
An extra pin was placed in the loops and basc holes on cach of the outside ends of the first and

last segments.
Design 2 - 60K-v2
The design for the 60K-v2 is shown in Figure 6-20. located in the Appendix.

The 60K on AC was a modification of the first design (60k-v1). The barrier segments were
pinned together using a single 32-mm pin at each joint. In order to limit the barrier deflection

during vehicular impacts, the pins were designed to penetrate the asphalt concrete by 150 mm.

The test design consisted of placing and connecting sixteen segments of the Type 60K-v1.2
on an AC surface. The design did not allow for the segments to be pulled tight to take up slack

in the pim-and loop connectors,
Design 3 — 60K-v3

The design for the 60K-v3 is shown n Figure 6-21 through Figure 25, located in the

Appendix.

After looking at the crash testing results from the first two designs, a third design was
developed. This design was longer, used a two-pin conncction at cach joint, and featured a

tighter joint connection using steel plates instead of loops.



2. TECHNICAL DISCUSSION (continued)

The 60k-v3 segments were increased in length to 4 meters, corresponding closely to the
weight of a single scgment of construction barrier currently used in California (a2 New Jersey
profile precast barrier with 6096-mm scgments, also known as K-rail (See Caltrans 1999

Standard Plan T3)).

The segments were designed with only one scupper. The elimination of the center support,
standard on k-rail and incorporated in Designs 1 and 2, would help to minimize the chance that a
segment could high-center on a section of pavement. This would also help to make the segments

more resistant to rotation about their centers, increasing the barmer’s rotational stiffness.

When placing the 60K-v3 barricr for testing, the scgments were not pulled tight to take up
slack in the pin-and loop connections.  Additionally, there was no positive conncction to the

pavement.

2.1.3. Construction
2.1.4. 60K-v1

Fighteen of the 3.138-m long Type 60K-vI segiments were fabricated at a precast plant and
shipped to the Caltrans Dynamic Test Facility. A concrete footing was placed according to
design details at the end of this report. A hole was cut i the AC paving to allow for the
placement of the 230-mm deep, 1010-mm wide PCC footing. Concrete and reinforeing steel
were placed and steel sleeves were inserted at the proper intervals to allow the connecting pins to

engage the footing,

Sixteen segments were used in the construction of the 60K-v1 barrier. The segments were
placed on the tooting atter the concrete had cured for at lcast 28 days. The connecting pins used
to join the individual segments were placed as the individual segments werce positioned. The

total length of the barrier was 50.2 m.
2.1.5. 60K-v2

The segments from the first version were interchangeable with the Type 60K-v2. Sixteen
segments were placed on a 50-mm AC pad and joincd together with one connecting pin at each
joint. The tips ot the connecting pins were then pounded through the AC until the bottoms of the

pinheads were flush with the top loops of the 60K-v2 segments. The connecting pins used to

6



2. TECHNICAL DISCUSSION (continued)

join the individual segments were placed as the individual segments were positioned. The total

length of the barrier was 50.2 m.

2.1.6. 60K-v3

Thirteen of the 4-m long 60K-v3 segments were fabricated at a precast plant and shipped to
the Caltrans Dynamic Test Facility. The segments were placed on a 50-mm AC pad and joined
together with two connecting pins at cach joint, Due to the tight tolerance at the joints,
connecting the Type 60K-v3 scgments together did require a little more eftort than connection of
the Type 60K-vI1 or v2 scgments . The connecting pins used to join the individual segments
were placed as the segments were positioned. Twelve segments were used in the construction of

the 60K-v3 test barrier. The total length of the barrier was 48.0 m.

2.1.7. Test Vehicles

The test vchicles complicd with NCHRDP Report 350 criteria. For all of the tests, the
vehicles werc in good condition, free of major body damage and were not missing structural
parts. All of the vehicles had standard equipment and front-mounted engines (see Table 6-1
through Table 6-3). The vehicle inertial masses were within recommended limits (see Table

2-1).

Table 2-1 - Test Vehiele Information

Test No. Vehicle B(dkl;b[ TCM(::;;”H'
562 1990 Chevrolet 2500 0 1962
564 1988 Chevrolet 2300 0 2018
563 1996 Chevrolet 2500 0 2186
566 1993 Geo Metro 0 816.5
567 1994 Geo Metro 0 837

Higher quahty control during the manufacture of the sczments and chamfering the tips on the pins could increase
the speed and efficiency of placing the 60K-v3 scgments.



2. TLCIINICAL DISCUSSION (continued)

The pickups were self-powered; A speed-control device limited acceleration once the impact
speed had been reached. The small cars were connected by a steel cable to a tow vehicle and
towed to mmpact speed. Remote braking was possible at any ttme during the test through a
tetherline connected to the rear of cach vehicle. The vehicles were steered by a guide arm
connecting a front wheel to a guidance rail that was fixed to the ground. A short distance before
the point of impact, each vehicle was released from the guidance rail and the 1ignition was tumed
off (for the Geo, the tow cable was released from the undercarriage). A detailed description of
the test vehicle equipment and guidance systems is contained in Sections 6.1 and 6.2 of the

Appendix.

2.1.5, Data Acquisition System

LEach test was documented through the use of still cameras, video cameras, high-speed film

cameras, and transicent data recorders.

The impact phase of cach crash test was recorded with seven high-speed. 16-mm movie
cameras, onc normal-speed 16-mm movic camera, one Beta format video camera, two 35-mm
still cameras with and onc 35-mm sequence camera. The test vehicles and the bamier were
photographed before and after impact with a normal-speed 16-mm movie camcra. a Beta format
video camera and a color 35-mm camera. A film report of this project was assembled using

edited portions of the film coverage.

Each test vehicle included two sets of orthogonal accelerometers mounted at the center of
gravity. An additional set of orthogonal accelerometers was mounted 600 mm behind the center
of gravity in the small car tests. Rate gyro transducers werc also placed at the centers of gravity
to measure the rates of roll, pitch and yaw. The data were used in calculating the occupant

impact velocities, ridedown accelerations, and maximum vehicle rotation.

An anthropomorphic dummy was used in 820-kg vchicle tests to obtain dummy motion data,
but was not instrumented. The dummy, a Hybrid III built to conform to Federal Motor Vehicle
Safety Standards by the Humanoid Systerns Division, Humanetics, Inc., simulated a 50th
percentile American male weighing 75 kg, The dummy was placed in the passenger’s seat and

was restrained with a lap and shoulder belt.



2. TECHNICAL DISCUSSION (continued)

A digital transtent data recorder (TDR), Pacitic Instruments model 5600, was used to record

electronic data during the tests. The digital data were analyzed using a desktop computer.
2.2, Test Results - Crash Tests

A film report with edited footage from all tests has been compiled and is available for

viewing.

2.2.1. Impact Description - Test 562

The vehicle impact speed and angle were 99.7 km/h and 235.8 degreces, respectively. Impact
occurred 100 mum upstream of the joint 8-9 (i.e., the joint between segments 8 and 9). The front
right corner of the pickup was crushed as it slid along seoments 8 and 9, foreing the vehicle 10

=

align parallel to the barricr. There was moderate snagging on the leading edge of segment 9.

While in contact with scament 9, the pickup's front rose about 400 mm and the vehicle
rolled to the right. The hood of the vehicle crossed over the top of the barrier, extending 300 mm
beyond the face. At 0.25 scconds after impact, the vehicle was parallel to segment 9. As the
vehicle approached seement 0. the upper face of segment 9 rotated 150 mm behind the upper

face of segment [0, This allowed the vehicle to heavily snag the opening at joint 9-10.

As the vehicle reached the front of segment 11, it became parallel to the ground. The
vehicle rose to a maximum height of 1.5 m between segments 11 and 12, When the vehicie
made contact with the ground, it pitched forward and rolled shghtly 10 the night. Contact with
the ground occurred 0.75 scconds atter impact when the vehicle was adjacent to segment 14.

The impact redirected the vehicle, forcing its rear away from the barrier.

When the vchicle started tracking again, it was pointed back toward the barrier. However,
because the barrier ended 25 m downstream of impact, the vehiele was directed behind the

barrier,
2.2.2. Vehicle Damage - Test 562

Most of the damage to the vehicle was on the front half of the right side (Figure 2-1). The

right third of the bumper was pushed back mto the tront right wheel well. The front tire was



2 TECHNICAL DISCUSSION (continued)

torn, but still on the rim The wheel was pushed back about 4530 mm. The right door was

severely Jammed and s sheet metal coverning was ripped along its lower third (I 1gure 2-2)

The back half of the vehicle also received some damage. The portion of the bed separating
the rear tire and the cab was crushed and rippled. The rear right tire was blown and the rim was

bent. The wheel did not sustain any permanent longitudmal displacement.

The floor deformation at the center of the front passenger side of the vehicle was about 115

mn. At the firewall. the maximum tloor deformation was 135 mm.

Figure 2-1 = Test 562, Overall damage to the vehicle

10
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TECHNICAL DISCUSSION (continued)

Figure 2-2 = Test 362 Damage to the vehiele door

2.2.3. Barrier Damage - Test 562

The barrier did not have any significant permanent deflection and appeared, at first glance.
to be in good condition after the impact. After closer exammnation. however, it was noted that the
hackside of each of the segments that shifted was spalled along the hottom edge. The steel angle
that lined the sides of the trough was hittered with concrete that had been cut by the angle. The
leading edges of two of the segments sustained minor spalling. Two of the connecting pins were

bent enough that they had to be cut before the barrier could be disassembled.

Figure 2-3 shows the spalled concrete al the base of scgment 8. one jomnt upstream of
impact.  The steel angle lining the sides of the trough acted to cut the barrier along the backside

of the segments that were laterally deflected.



2. TECHNICAL DISCUSSION (continued)

Iligure 2-3 = Test 562, Segment § at Jont 7-8

[lustrating the snagging potential of the Tvpe 60K-v 1. Iigure 2-4 shows the scuft marks on

the end face of segment 10 where the vehicle penctrated the barrier face.




2. TECHNICAL DISCUSSION (continued)

Figure 2-5 - Test 362 Data Summary Sheet

t=1.022

1=1278 t=1534 ' (=1789

General Information:

Fest Ageney -
Test Number

California DOT
362

TestDate o
Test Artcle:

Name e Type 60K-v

Installation Length - 302m

Deseription=-—— [6 segments of GOK
barnier. on 4 conerete
base puned with 32-mm
connecting pims

I'ebroary 17, 1999

Test Vehicle:

Test Dummy:

Tvpe o e ©NA
Weteht. Restraint - NA
Positon - - SNA
Vehicle Exterior
VDS RD-6. R-3, RFQ-5
CDOT e U2RYLWS

Vehicle Interior:
OCDIL - REOO 000

Bamer Damage: - Therce was no damage
to the conerete trough. Several of the
scgments spalled along the bottom edges

Maodel - - 1990 Chevy 23500 PU

[nertial Mass - 19625 kp - =
Impact Conditions: tJecupant Kisk Valwes Longeedingl | Lateral

Velogity oo 997 km h Cleoupant Impact Velogity 5.0 mis 6.6 ms

Angle e 258" Ridedown Aceeleration 173 o 151 g
Exit Conditions:

Velogity — - 61 kemvh

Angle oo 0 degrees

o)




2. TECHNICAL DISCUSSION (continued )

2.24. Impact Description - Test 564

The vehiele wmpact speed and angle were 992 km/h and 25 degrees respectively. The
vehiele remained upright and relatively under control. The test was characterized by moderate

lateral deflections with multiple snag pomts developing.

The wnpact oceurred I meter upstream of the jont between segments 8 and 9. The upper
face of secgment 8 rotated back 100 mim belore the front of the vehiele reached segment 9.
causing the front right fender panel to snag on the leading edge of segment 9 and causing the
front nght ure to blow.  As the vehicle continued to push on segment 9. the barrier moved

laterally to the right. Joint 8-9 shid back 720 mm.

As the front of the vehicle approached segment 10, joint 9-10 started to open and the vehicle
started Lo vaw to the left. When the front of the vehiele reached joint 9-10 the vehicle snagged a
second ume, penetrating the joint by 160 mm  As the tront of the vehicle met joint 10-11. the

rear of the vehiele shd mto segment 9. foreing the vaw to stop.

When the rear ol the vehicle reached joint 9-10, several events occurred. The back bumper
and frame snagged the jomt. The rear end kicked up and away from the barmier. The drive shaft

pulled out of the transmission. The speed and angle of the vehiele as it lost contact with the

barrier were about 73 km/h and 10 degrees. respectively.

The vehicle continued to vaw heavily to the right as it lost contact with the barner. When
the vehicle made full comact with the ground again. it was facing the barrier.  The vehiele
continued to vaw to the right until it had turned 180 degrees The vehiele then rolled backward

until coming Lo a stop

The system used for the collection of onboard acceleravon data farled during test 564



2 TECIINICAL DISCUSSION (continued)

2.2.5. Vehicle Damage - Test 564

Vehicle damage was extensive. The right front wheel. hub and spindle assemblies were
sheared from the suspension. The right A-arm was bent back and twisted. The right side of the
front bumper was pushed back approximately 510 mm (see Figure 2-6). The nght front fender
and mner fender were pushed in and back against the engine. The nght frame rail was bent into
the engine and the engine was tilted up on the right side The radiator. transimission ¢aoler.

battery box and battery received extensive dantage.

Transmission o1l. coolant and battery acid leaked out of the vehicle, The nght side of the
hood received minor damage and the windshield was fractured on the right side The right door
was pushed back into its frame.  The right door buckled outward approximately 140 mm.

jamming the door ¢losed and breaking the door glass.

The right rear of the vehiele also recerved extensive damage (sec I'igure 2-7). The nght side
of the bed was dented the full length and the whole bed was shifted 1o the lefl on the frame. The
rear axle broke loose from the suspension. and was pushed back approximately 600 mm. The
axle housing bent and the difterential housing broke  Both of the right side tires were flat and

ruptured with extensive damage to both wheels

The left rear side of the vehiele reecived minor damage. The tailgate and left door were

L

operational.

The passenger compartment received extensive damage, especially to the right side. The
dash was pushed back 100 mm. The sheet metal in the floor was torn and the floor pan was
buckled up and folded over in multiple places. The lefl side of the floor recerved minor rippling
and bending. The floor deformation at the center of the tront passenger side of the vehicle was

about 100 mm. with about 65 mm at the firewall.



2 TECHNICAL DISCUSSION (continued)

Figure 2-6 — Test 364 Damage to the front of the vehicle

Figure 2-7 —Test 364 Damage to the side of the vehicle
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TECHUNICAL DISCUSSION (contmued)

2.2.6. Barrier Damage - Test 564

11 10 9 3 7
T ——
R T

=l
=

-10 5 .35 230 335 725 sa0 T~ iJ
‘J.J’ "*%:Q\_::_
Test 554 / TR
Defections at Segment Cormers, i {_ﬁ_ DEe m-”m'{“‘w:»%_
..

Frogure 2-8 = Test 304, Barner deflections

Damage 1o the barrier was limited to barrier deflection, (wo of the connection pins being
pulled out of the pavement, and some minor concerete spalling. The maximum, permanent barrier
deflection was 723 mm at the joint between scgments 8 and 9 (see Figure 2-8)  The barrier
deflections led to the pins at joints §-9 and 9-10 being pulled out ol the pavement. Conerete
spalling was limited o the leading edges of scaments 8 and 10 where the vehicle snagged the

barrier. All of the barrier segiments were reusable

17



TECIHNICAL DISCUSSION (continued)

Figure 2-10 — Test 564, Snag at joint 9-10



2 TECHNICAL DISCUSSION (continued)

Figure 2-11 - Test 364 Data Summary Sheet

General Information: Test Dummy:
Test Agengy - - Califormia DOT Twvpe e NA
Test Number - 5064 Weight [ Restraint - NA
Test Date - Aprit 28, 1999 Position — - Front Right
Test Article: Vehicle Exterior:
Name - e G0k-V2 vDs' s FR-6, RD-6, REQ)-5
[n:i[H”.HH_Oﬂ Length--- 50.2m ] (‘.D(‘Z _____________________ O2RFEWSR
Description=—-— - 1o segments ot GQKﬂ Vehiele Interior:
barmner, pinned with _32-- OCH +e oo RF1012110
mm pins pounded 130 - ‘ e
mm into the AC. Barrier Damage: = - Minor congrete
Test Vehicle: spalling. moderate lateral displacement. and
Model - - 1988 Chevy 2360 PU bent connecting pins.
Inertial Mass - 2018.0 ke e . o
Impact Conditions; Occuprant Risk Values Lengitudhnal | Laweral |
Velocity e 9?;72 kamyh _ Occupant Impact Veloaity | NA | ONA ]
Angle o 27 Ridedown Acceleration | NA NA
Exit Conditions: = S - e
Vielocity = = 73 kivh
Angle - 10 degrees

|9



2 TECTINICAL DISCUSSION (continued)

2.2.7, Impact Description - Test 565

The vehicle impacet speed and angle were 987 km/h and 235 degrees. respecuvely The
vehicle remained upright and stable  There were moderate lateral deflections of the barrier. with

minimal snag points developing. The vehicle made contact with three barrier segiments

I'he tmpacet occurred at jomt 6-7. The barrier was pushed back 630 to 750 num as the vehiele
shd along the barrier face.  As the front of the vehicle reached the nudpomt of segment 7. the

hood rode over the top of the barrier. extending 360 mm past the barrier lace

As the front of the vehicle reached the end of segment 7. the front wheels started to lifl off’
the ground. The rear wheels lilted off the ground as the back end made contact with the center of
scament 7. The rear right wheel separated from the vehicle as it made contact with the barrier

The vehiele rose to a maximum of 340 mm oft the ground. but remained level

The vehiele was completely redirected while 1n contact with scgiment 8. The maxinum
opening 1 the face at joint 7-8 did not exceed 25 mm. However, there was mimimal spalling of
segment § as the front of the vehiele reach joint 7-8. "The front right tire made contact with the
ground as the vehicle approached segment 10, The exit speed and angle were 80 km/h and 10

degrees. respectively.

2.2.8. Vehicle Damage - Test 365

Most of the damage to the vehiele was confined to the front nght corner, with additional
damage along the impacting side of the vehicle (see Figure 2-12 and tigure 2-13). The (ront
right tire was torn, but still on the vehicle. The cormer panel and the far right side of the bumper
were crushed. The ue-rod was severely bent. The hood was partly raised. but sull latched
There were scuff-marks along the rear right side of the vehicle. The night rear swheel separated at

the scam. allowing the tire and rim to detach from the vehicle. The engine was still functional.

The occupant compartment sustained some minor crumpling on the right side tloorbeard
measuring 23 mm at the center ol the passenger side and 110 mm at the firewall. The right door

was jammed closed. The windshield was not cracked.

I
=



2. TECHNICAIL DISCUSSION (continued)

Iigure 2-12 — Test 365, Impacted comer ot vehicle

Figure 2-13 — Test 565, Damage to the back right of the vehiele



2 TECHNICAL DISCUSSION (continued)

2.2.9. Barrier Damage - Test 565

The barner shifted a maximum ol 750 mm at the impacted joint during impact.

:_______JJ:_—f::::j L e oor————
£0 40 4450 Y - 750A 4 750 < 1E0Ap 145 04
\%'““«.
P
Test 965 / h“‘“—:—_bﬂ__
Defiections at Secpnent Cormers, rarm (. 2% impact
.y

Figure 2-14 — Test 565, Barrier detlections

Damage to the barrier was himited to shifted segments, mmor concrete spalling, bent
connecting pins, and scufting ol the concrete face. Out of the 12 segments making up this
barrier. only segments 1. 2, and 12 dtd not move. Segments 5.6.7.8. and 9 had measurable lateral
deflections. The spalling concrete occurred au joint 6-7 where the conerete 1s the thinnest. The
connecting pins nearest the unpact were bhent, six of which had o be cut.  All of the barrier

segiments were reusable



2. TECIHNICAL DISCUSSION (continued)

Figure 2-15 = Test 565, Lateral dellections

&
ey, o] .;
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Figure 2-16 — Test 565 Tire marks
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2 TECHNICAL DISCUSSION (continued)

Figure 2-17 - "lest 365 Data Summary Sheet

t =0.000

General Information:
Test Agengy
Test Number

Test Date oo

Test Article:
g

Instatiation ]ength--

Descripuon

Test Vehicle:
Model
Inertial Mass -
Impact Conditions:

California DOT
563
August 19, 2000

Type 60K-v3

430 m

twelve 4.00-m segments
pioned together on AC

1996 Cheyy 2500

2180 ky

Fest Dummy:
[)l]C e p—
Weight * Restrain
Posiion -
Vehicle Fxterior
VDS
Vehicle Interior
oCDL
Barrier Damage: -

t=0978

NA
NA
NA

- FR-5, RI-20RIOQ-2

02RT'T:W4

RI-00 10006
NMinor concerete spalling,

moderate lateral displacement. and bent connecting

pins,

Velogity - 987 kim'h | Oceupant Risk Falues _‘i.f.rmgmrdmm' Lateral
e e 25 | Szt Fipe . —|— 4% | 58 e
Exit ( ondhtions. | Ridedown Acceleration S6g  -122 g

Velogity o 80 kmh

Angle oo 10 degrees



2 TECHNICAL DISCUSSION (continued)

2.2.10. Impact Description - Test 566

The vehicle impact speed and angle were 99 8 kim/h and 18 degrees, receptivelv. Due to a
problem with the guidance system, the vehicle was forced mto a shght leftward turn. The
leftward turn resulted i a smaller impact angle than was intended.  The vehicle missed the
impact point by 0.65 m, and induced a slight roll to the right just before impact. The vehiele
remained upright and stable.  The test consisted of low lateral barrier detflections and no snag

points developing. The vehicle made contact with only ong barrier segment.

Impact occurred 335 mm downstream of joint 7-8 The vehicle started to yaw to the [ett
during the initial contact with the barrier. As the front of the vehicle approached segiment 9. 1t
litted off the ground and the rear of the vehicle made contact with scgment 8. The vehicle

maintained shiding contact with segment 8 while the rear wheels lost contact with the ground.

o

The vehiele leveled off at an altitude of 0.3 m as the front of the vehiele reached the midpoint of

segment 9. At that point. 1t lost contact with the barrier completely.

The exit speed and angle were 96 kim/h and 11 degrees. respectively. About 135 degrees of
roll had occurred betore the vehicle made contact with the pavement. The vehicle then tracked

correctly until coming to a rest.

The maximum 10-ms lateral acceleration was -21.72  This figure was inexplicably high,
and didn't correlate with the vehicle damage (Section 22.11) or any observed impacl

phenomena. No instrumentation. data storage, or processing errors were discovered
2.2.11. Yehicle Damage - Test 566

Most of the vehicle damage was limited to the tront right comer of the vehicle. The comer
panel was crushed and the hood had been buckled. The front right wheel was turned inward,
The steering mechanism was damaged but the steering wheel could still turn the wheels. The tire

was still inflated. The hubcap was missing from the front right wheel.

X
LA



2. TECHNICAL DISCUSSION (continued)

The rear right fender panel also recerved some minor damage. The ilare on the rear wheel
well was flattened and hubeap was scraped. The bumper also received some minor scraping.

There was no visible structural damage o the rear of the vehiele.

There was no discernable fToorboard deformation.

oyl

P - ,-11

Frgure 2-18 = Test 366, Vehicle damage to the nmpacted corner

2.2.12. Barrier Damage - Test 566

[he barrier shifted a maximuwm of 100 mm during nnpact.

26



2. TECIHNICAL DISCUSSION (continued)

g g N 7 &
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to 13 #f 40 ot # 400 3 f40
‘_bb‘—-\._
Test 566 T
Deflections at Segment Comers, mim L 18° impact e
—
e

Iigure 2-19 - Test 366 Barrier deflections

[mpact occurred on segment 8. 335 imm downstream from joint 7-8  Damage was limited Lo
scufling on the face ol segment 8 only.  Although the connecting pins were slightly snug, they

could be pulled out using a pry bar.



2 TLCHNICAL DISCUSSION (continued)

Figure 2-20 - Test 566 Data Summary Sheet

AT !
Il |

General Information:
Test Agency - Cahforma DOT Tape oo Hybod 1

Fest Duniny:

Test Number 566 Weight © Restraint 748 kg . belted
Test Date S Angust 2, 2000 Position - < Tront Riglht

Test Arncle: Vielaele Exterior:

Name Type 60K-v3 \'DS’: e I'R-4. RIFQ-4. RD-3
Installavion length--- 48 0m CDC" e 2RFEWS
Description- -~ twelve 4.00-m Vehiele Interior:
scaments pinm:d QO DL RIGO00000 ‘
together on AC Barrier Damage: - - There was minor
Test Vehicle: - latteral movement and scutfing.
Model - 1993 Geo Metro — i e e =
Incdinl Mass 8165 ke . Uccnpant Risk Values Fonginchnal | Lateral
Impact Conditions: | Occupant Impact Velocity | 294 ms | 577 ms |
Velocily oo 99.7 km:h Ridedown Aceeleration 218 ¢ 2217 &
Angle e 18
Exit Conditions:
Veloeity = = 96 kimh
Angle o 1 degrees
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2. TECIINICAL DISCUSSION (continued)

2.2.13. Impact Description - Test 567

lest 567 was conducted as a repeat of Test 366 because the impact angle in Test 366 was

too low. Moreover, the lateral ridedovwn acceleration for Test 366 was unexplainably high.

The vehiele impact speed and angle were 101 kin/h and 20 degrees respectivelv.  The
vehicle remained upright and stable. Lateral barrier deflections were moderate and no snagging

was cevident. The vehicle mmade contaet with two barrier scgments.

Impact occurred 100 mm upstream of joint 7-8. The nitial impact torced the 7-8 joint back
[O0 mm. The vehiele was foreed to the left, causing 1t to vaw until the rear of the vehiele came

into contact with segment & The impacting rear end pushed the 7-8 joint back another 160 mm.

The vehicle slid along segment 8 and rose about 0 3 m. The maximum height was achieved
) 35 seconds afler impact. The maximum roll of 25 degrees occurred at 0.5 seconds. The exit
speed and angle were 91 4 km/h and 11 degrees. respecuively. The vehicle tracked smoothly
after impact until coming to rest. Lateral and Jongitudinat ridedown acecleration and occupant

npact velocity were within NCHRP Report 330 limits.
2.2.14. Vehicle Damage - Test 567

The damage to the test vehicle was similar to the vehiele damage in test 366, Most of the
damage was limited to the front right corner of the vehicle. The ¢orner panel was crushed and
the hood had a small dent. The right 300 mm ol the {ront bumper was pushed back 150 mm mto
the wheel well. The front right wheel was turned inward more severely than in test 366 and the
hubcap was lost. The steering mechamsm was damaged but the steering wheel could still turn

the wheels. The tire was still inflated.

The rear right fender panel also received some minor damage. The tlare on the rear wheel
well was flattened and hub cab was lost. The bumper also received some minor scraping. There

was no visible structural damage to the rear of the vehicle.

As in Test 566, there was no disecernable floorboard deformation.
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2. TECHNICATL DISCUSSION (continued)

Figure 2-21 - Test 367, Damage to the impacted corner of the vehicle

2.2.15. Barrier Damage - Test 367

The barnier shilted a maximum of 260 mm during nimpact.

9 g 7 a]
to io 40 wft oo iokb o
P
Test 567 / "-*:ﬂ»;%x
Deflections at S2gment Carners, mim { o° irnpact TR
_‘ﬂ__""xﬂ____)/

Figure 2-22 - Test 366. Barrier detlections

Impact oceurred on segment 7, 100 mm upstream trom joint 7-8. Segments 7 and 8 reccived

some scuffing during contact with the test vehicie. Segment 8 received some munor spalling at
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2. TECHNICAL DISCUSSION (conunued)

its leading edge. As in Test 366, the connecting pins were slightly snug, but could he putled owt

using a pry har.
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2 TLECIHINICAL DISCUSSION (continued)

General Infotmation:
Test Ageney
Test Number - -
Test Date -

Test Article:

Name oo
Installation Lengt
Descoption

Test Vehicle:

Figure 2-24 - Test 567 Data Summary Sheel

Calitornia DOT
3067
Ocrober 24, 2000

© Type 60K-v3

e

Model e

Inertial Mass =
Impact Conditions’
Velocity = e
Angle
Lxut Conduions:
Velocity -

48.0m
twelve 4 00-m segments
pinned together on AC

1994 Geo Metro
8370 ky

1010 kmh

- 207

Angle

1.4 kin:h
Il degrees

t=1.080

Test Dummy:
Werght . Restraint
Position

Vehicle Fxterior:

Hybrid 111
74 8 kg beled
IFront Right

VST o RFQ-3, FR-2. RD-1
CRCs CO2RFLIWS
Vehicle Intertor,
OCDI < REOOOT 100
Barrier Damage: -~ Some lateral movement

and scuffing,

(decupant Resk Values

 Occupant mpact Velociy

;f.:mgr!mhnu(] Lateral

' 432_1115 | 67 ms |

_Ridedown Acceleration

L 29 ¢ -154

54 g
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TTCHNICAL DISCUSSION (continued)

2.3.  Discussion of Test Results - Crash Testy
2.3.1. General - Evaluation Methods

NCHREP Report 330 stipulates that crash test performance be assessed according to three

evaluation factors: 1) Structural Adeguacy, 2) Occupant Risk, and 3) Vehicle Trajectory.

The structural adegquacies, occupant risks and vehicle trajectories associated with the three

barrier designs were evaluated i companson with Tables 3.1 and 5.1 of NCIRP Report 350,
Structural Adegquaucy

GOK-v1: The structural adequacy of the 60K-v [ was unaceeptable. Test 362 showed that the
pin and loop connections between the seaments were so loose that impacted segments rotated
back and exposcd the leading ends of the downstream segments. The test vehicle subsequently
snagged at the joints. During the time of contact between the test vehicte and the bamer there

were mnor amounts ol seraping and spalling.

60K-v2: The structural adequacy of the 60K-v2 was also unacceptable. Test 5364 showed
that the differential rotation of the barrier segments and consequenuial vehicle snagging at the
barrier joints was ¢ven more pronounced than in the test of 60K-vI. During the time of contact

between the test vehicles and the barriers there were minor amounts of scraping and spalhng.

60K-v3: The structural adequacy of the 60K-v3 was acceptable. There was no significant
differential rotation between segments due to the much more secure seament connections.  The
lateral movement of the rail during thesc tests was acceptable. Durning the ume of’ contacl

between the test vehicles and the barniers there were minor amounts of seraping and spalling.

A detailed assessment summary of structural adequacy is shown in Table 2-2 through Table

2-6.

]
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2. TECHNICAL DISCUSSION (continucd)

Occupant Risk

60K-vl: The occupant risk of the 60K-vl was problematic.  Although the occupant
compartiment of test vehicle 562 did not expericnce major deformation or intrusion, the high

fo]

degree vehicle of climb and pitch could have contributed to a rollover.

60K-v2: The occupant risk of the 60K-v2 was unacceptable. As in the testing for the 60K-
v, the occupant compartment did not sustain any major deformation. However, the scvere

snagging of the front right wheel imposed significant risk to the occupants.

60K-v3: The occupant risk of the 60K-v3 was acceptable. In cach of the tests there were no
signs of snagging or pocketing with the barrier. There were no signs of spalling concrete
penctrating the occupant compartment of the vchicles. All of the calculated occupant ridedown
accelerations and occupant velocities were well within limits (with the exception of test 566,

which was repeated duc to questionable readings from the accelerometers).

Please reter to Table 2-2 through Table 2-6 for a detailed assessment summary of occupant

risk.
Vehicle Trajectory

60K-v1: Post-impact trajectory for the first design was acceptable. The exit angle was near
zero degrees for the only test conducted. The vehicle demonstrated a clear redirection back into

the barrier.

60K-v2: Post-impact trajectory for the second design was not acceptable. Though the exit
angle was only 10 degrees for the single test, it should be understood that the snagging caused
the rcar of the vehicle to rise up and push out into the trattic. This imparted high degrees of vaw

to the vehicle foreing it into an uncontrolled trajectory backward and 1nto tratfic.

60K-v3: Post-impact trajectory for the third design was acceptable. The three tests
conducted on the barrier demonstrated that the barrier redirects impacuing vehicles smoothly
away from thc barner. Each of the vehicles remained stable and upright as they cxited the

impact zone.
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2. TECHNICAL DISCUSSION {continued)

The detailed assessment summaries of the vehicle trajectories may be seen i Table 2-2

through Table 2-6.

Table 2-2 - Test 562 Assessment Summary

Test No. 362
Date Margh 17, 1999
Test agency California Dept. of Transportation

Evaluation Criteria Test Results Assessment
Structural Adequacy
A, Testartiele should contain and redirect the The vehicle was contained and marginal
vehicle, the vehicle should not penetrate, redirected, However, excessive snagging
underride, or override the installation although was a problem due 1o the | 30-mm lateral
coutrolled Iateral deflection of the article is opening ereated as the top of the barner
aceeplable. segments rotated back.
Occupant Risk
D. Detached elements, fragments or other debris There were no penetrations into the pass
lrom the test article should not penctrate or show passenger compartment. Deformation
potential for pencirating the occupant was within Report 350 guidetines. The
compartment, or present an undue hazard 1o other | maximum floorboard deformation was
traftic, pedestrians, or personnel in a work zone, 133 mm
Deformation of. or intrusions o, the occupant
compartment that could cause serious injuries
should not be permitted.
. . . . . The vehicle remained upright and stable .
k. The vehiele should remain upright during and _ _ f = . marginal
. . < = throughout the test. However, the piteh
alter collision although moderate roll, pitching = . . o
: = s and the vaw ot the vehicle were high.
and yawing are acceptable,
Vehicle Trajectory
K. After collision it s preferabic that the vehiele's Afler impact the vehicle was redirected pass
trajectory not intrude mnto adjacent waftic lanes. back into the barrier
L. The oceupant inpact velocity in the longitudinal Long. Oce. Iinpact Vel = 3.0]1 m/s pass
dircction should not exceed 12 m/see and the . .
: o ¢ Long. Oce. Ridedown -~ 173 ¢
occupant nidedown aceeleration in the =
longitudinal direction should not exceed 20 ¢,
M. The extt angle from the test article preferably Exit angie O degrees, or 0% of impac pass

should be less that 60 percent of the test impact
angle, measured at time of vehicle loss of contact
with test device.”

angle
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2. TECIINICAL DISCUSSION (continued)

Test No.
Datce

Test apency

Table 2-3 - Test 564 Asscssment Summary

564
April 25, 1999

Califoria DCEL LlfTr:thELm.juu“ _

Evaluation Criteria

Test Results

Assessment

Structural Adequacy

Al

Test article should coniain and redirect the
vehicie; the vehicle should not penetrate,
underride, or overnde the installation although
controlled tateral deflection of the article is
aceeptable,

The vehicle was contained and
redirected, Howewer, severe muluple
snag potnts developed during impaet,

causing extensive damage 1o the vehicle.

Fail

Occupant Risk

D.

Detached clenents, tragments or other debris
from the test aricle should not penetrate or show
potential for penetrating the occupan
comparinent, or present an undue hazard te other
tritiic, pedestrians, or personnel in a work zone.
Detormation of, or intrusions ingo. the occupant
compartiment that could cause serious injuries
should not be pernutted.

The vehicle should remain upright during and

after collision although moderate roll, pitching
and yawing arc acceptable.

There were no pencirations into the
passenger compartiment. Delormation
was well within Report 330 guidehines,
The maximum Floorboard deformation
was [00 mim.

The vehicle remained upright but
vxperienced a lmgh degree of yaw after
losing contact with the barrier.

pass

marginal

Vehicle Trajectory

K.

M.

After collision it is preferable that the vehicle’s
trajectory not intrude into adjacent trathe lanes.

The occupant finpact veloeity in the longitudinal
dircetion should not exceed 12 m/see and the
occupant ridedown acceleration in the
longitudinal dircction should not exceed 20 g

The exit angle from the test article preferably
should be less that 60 percent of the test impact
angle, measured at time of vehicle loss of contact
with 1est deviee”

The vehiele redirected back o the
barrier.

Duc to tailure of the data onboard
acquisition system, neither the occupant
mmpact velocity nor the ridedown could
be calculated.

Exit angle 10 degrees, or 40% of impact
angle

puss

pass
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2. TECHNICAL DISCUSSION (continued)

Table 2-4 - Test 565 Assessment Summary

Test No. 3063
Date July 19, 2000
Test agency

Evaluation Criteria Test Results Assessment
Structural Adequacy
A, Test article should contain and redirect the The vehicle was contained and smoothly [rass
vehicle; the vehicle should not penetrate, redirected
undernde, or override the installation although
contrelled lateral deflection of the aricle iy
acceptable.
Occupant Risk
D, Detached clements, fragments or other debris There were no penetrations into the Jpiss
from the test article should not penetrate or show passcnger compartmient, Deformation
potential tor penctrating the occupant was well within Report 350 goidelines.
compartment, or present an undue hazard to other
traffic, pedestrians, or personnel m a work zone.
Deformation of, or intrusions into, the occupant
compartment that could cause serious injuries
should not be perminted.
i : . . . The vehicle remained upright and stable
I, The vehiele should remain upright during and pris pass
. O = throughout the test.
after collision although moderate roll, pitching =
and vawing are acceptable,
Vehicle Trajectory
K. Afier collision it 1s preferable that the vehicle's The vehicle maintained a relatively pass
rrajectory not intrude inte adjacent traflic lanes. straight course after exinung the barrier,
L. The occupant impact velocity in the longitudinal Long. Oce. Impact Vel, =4.3 mvs pass
direction should not exeeed 12 nysee and the . -
_ . ) LT Long. Oce, Ridedown = -5.62
occupant nidedown acecleration in the = ;
longitudinal direction should not exceed 20 ¢,
M. The exit angle from the test anicle preferably Exit angle 10 degrees. or 40% of impact pass

should be less that 60 pereent of the test impact
angle, measured at time of vehicle loss of contact
with test device”

angle

37




2. TECIHNICAL DISCUSSION (continued)

Table 2-5 - Test 566 Assessment Sumimary

Test No. 566
Date August 2, 2000
Test apency Callfornia Dept. of Transportation

Evaluation Criteria Test Results Assessment
Structural Adequacy
A Testarticle should contain and redirect the The vehiele was contained and smoothly pass
vehicle: the vehicle should not penetrate, redirected.
underride, or override the installation although
controtled lateral deflection of the article is
acceptahic
Occupant Risk
D. Detached clements, fragments or other debris Only minimal amounts of scuffing were pass
froin the test article should not penetrate or show created during nmpact. There was 1o
potential for penetrating the occupant significant debris {from the vehicle.
compartment, or present an undue hazard to other
traflic, pedestrians, or personnel in a work zone.
Deformation of, or intrusions into. the occupant
compartment that could cause serious injuries
should o1 be permitted.
F. The vehiele should remain upright during and The maximum roll, piteh and yaw were piLss
after collision although moderate roll. pitching 29.46,-15.26, and -27.197, respectively,
and yawing are aceeptable These are all aceeprable.
Il Occupant impact veloeities {see Appendix A, Oceupant impact velocities were within
Section A3.3 for caleulation procedure) should ucceptable range.
satisfy the following:
Occupant Impact Veloeity Limits (m/s)
{omponent Preferred Maxunuim
Longitudinal and 9 12 Long. Occ. Impact Vel = 2.94 miés pass
lateral Lat. Oce. hmpact Vel = 5.77 m/s
1 Oceupant Ridedown Accelerations (sce
Appendix A, Scetion AS.3 for caleulation
procedure) should satisfy the following:
Occupant Ridedown Acceleration Limits (¢)
Component Preferred Maximum
Longitudinal and 13 20 Long. Ridedown Ace. =-2.18 ¢ tail
lateral .
‘ Lat. Ridedown Ace. =--21.7 ¢
Vehicle Trajectory
K. After collision 1t is preferable that the vehiele's The vehiele maintained a relatively pass
trajectory not intrude into adjacent traffic lanes straight course after exiting the barrier.
M. The exit angle from the test article preferably Exit angle 11 degrees, or 55% of impact pass

should be less that 60 pereent of the test impact
angle. measured at tine of vehicle loss of contacl
with test device,”

angle




2. TECIINICAL DISCUSSION (continued)

Table 2-6 - Test 567 Assessment Summary

Test No. 567
Date Oclober 24. 2000
Test ageney California Dept. of Transportation
Evaluauon Criteria Test Results Assessment
Structural Adequacy
A Test anicle should contain and redirect the The vehicle was contained and smoothly pass
vehicle; the vehicle should not penetrate, redirected.
underride. or override the installation altbough
controlled lateral deflection of the article s
geceeptable
Decupant Risk
. Detached elements, fragments or other debris Only mmoderate amounts of spalling were pitss
from the west article should not penctrate or show created during tmpact, There was no
potential for pencrating the occupant significant debris from the vehicle.
compartment, or present an undue hazard to other . . .
np S : . ) There was no discernable floorboard
traffic, pedesirians, or personnel ina work zone. . .
o ‘ i . deformation.
[Detormation of, or murustons mto, the occupant
compartment thin could cause serious injuries
should not be perminied.
|2 Tiie vehiele should yemain upright during and The maximum roll, pitch and vaw were pass
after collision althoush moderate roll, pitehing 26.3,-3.25, and -24.83°, respectively.
and yawing me aceeprable These are all acceptable.
H. Oceupant impact selocities {see Appendix A, Qccupant impact veloeities were within
Seetion A3 o aiicalition procedure) should preferred range,
satisty the Tollowme
Occupant hnpact Veloeity Limits (o/s)
Component Preterred Maximum
Longiudinal and v 12 Long. Oce. Impact Vel ~ 4,82 nvs prass
lateral Lat. Oce Impact Vel = 6.7 m/s
I Oceupant Ridedowin Aceelerations (see
Appendix AL Section A3.3 for caleulation
procedure shauld satisty the following:
Orecupant Ridedown Acceleration Limits ()
Component Preferred Maxiroum
Longitudinal and N 20 Long. Ridedown Ace. =-29 ¢ pass
lateral . -
’ Lat. Ridedown Acc. =-154 ¢
Vehicle Trajectory
K. After collision it is preferable that the vehicle's The vehicle maintained a relatively pass
trajectory not intrude into adjacent traffic lanes straieht course after exiting the barrier.
M. The exit angle from the test anicle preferably Exitangle 11 degrees. or 33% of impact pass

should be tess that 60 percent of the test impact
angle, measured at time of vehicle loss of contact
with test device.”

angle
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2. TECHNICAL DISCUSSION (continued)

Table 2-7 - Vechicle Trajectorics and Speeds

60% of Speed

Test Impact Impact Exit Impact Exit Change
Number Anglc Angle Angle Speed, Vi i Speed, V. Vi-V,
[deg] [deg] [deg] [km/h] [km/h] [km/h]

562 25.8 15,5 21 99.7 6l 38.7
564 25.0 15.0 10 99.2 73 26.2
565 25.0 15.0 10 8.7 80 18.7
566 18.0 10.8 Il $9.7 96 37
567 20.0 12.0 Il 101.0 91 10.0
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3. CONCLUSION

Based on the testing of the various versions of the Type 60K barrier. the following

conclusions can be drawn;

[} The snagging potential of the barrier made the Type 60K-vl highly undesirable as a
moveable median barrier. In Test 562 the barrier opened at the joints, producing a high potennal

for snagging.

fam

2) Although the vchicle in Test 564 remained upright during the test, serious snagging made

the Type 60K-v2 unacceptable as a temporary barrier.

3) The Type 60K-v3 barrier can successfully contain and redirect a 2000-kg pickup truck
impacting at 25° and 100 km/h. The occupant impact velocity and rnidedown acceleration were
within acceptable limits of NCHRP Report 350, The maximum lateral detlection of the barrier
did not exceed .75 m. The floorboard deformation was 25 mm at the center of the vehicle. This

detormation was judged too small 10 cause serious injury to the occupants in the vehicle.

4y The Type 60K-v3 barner can smoothly and successfully redirect an 820-kg car impacting
at 20° and 100 km/h.  Barrier deflections were low (approximately 260 mm). The vehicle
sustained very fow longitudimal ridedown accelerations and only moderate lateral ridedown

accelerations.

5) The Type 60K-v3 barrier meets the criteria set in the National Cooperative Tlighway
Research Program’s Report 350 "Recommendations for the Safety Performance Evaluation of

Highway Safety Featurcs™ under Test Level 3 for longitudinal barriers.

4. RECOMMENDATIONS

[} Ncither the 60k-v1 nor the 60k-v2 should be considered for use on the state highway

system.

2) The type 60k-v3 is recommended for use as a semi-permanent barrier on the state

highway system.
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7. APPENDICES (continued)

5. IMPLEMENTATION

The Trafftc Operations Program. in cooperation with the Engincering Service Center, will
be responsible tor the preparation of standard plans and specifications for the 60K-v3. with
technical support from Materials Engimeering and Testing Services and the Office of Structures

Construction.
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6. APPENDIX
6.1.  Test Vehicle Equipment

The test vehicles were modified as follows for the crash tests:

The eas tanks on the test vehicles were disconnected from the fucl supply line and drained.
For tests involving the pickup trucks. a 12-L safety gas tank was installed and connected to the
fuel supply line. In order to purge the gasoline and oxygen vapors from the fucl tank, gaseous
CO:; was pumped in. For Tests involving the small cars, a 12-L safety tank was not mnstalled

because the vehicle was towed to impact instcad of self-powered.

Onc pair of 12-volt, wet cell, motoreyele storage batteries was mounted in the vehicle. The
batteries opcrated the solenoid-valve braking/accelerator system, rate gyros and an clectronic

control box. A second 12-volt, deep cyele, gel celd battery powered the transient data recorder.

The remote brakes were controlled at a console trailer. A cable ran from the consolc trailer
to an elcctronic instrumentation van. From there, the remote brake signal was carried on one
channcl of a multii-channcl tether linc that was connected to the test vehicle,  Any loss of
continuity in these cables would have activated the brakes automatically.  Also, if the brakes
were applied by remote control from the console tratler, removing power to the coill would
automatically cut the ignition for the self-powered vehicle. A 4800-kPa CO; system, actuated by
a solenoid valve, controlled remote braking after impact and cmergency braking if necessary,
Part of this system was a pneumatic ram, which was attached to the brake pedal. The operating
pressure for the ram was adjusted through a pressure regulator during a serics of trial runs prior
to the actual test.  Adjustments were made to assure the shortest stopping distance without
locking up the wheels.  When activated, the brakes could be applied in less than 100

milliseconds.

For tests involving a small car. the speed of the test vehicle was regulated by the speed of a
tow vehicle, The tow vehicle pulled a tow cable through a series ot sheaves arranged to produce
a 2:1 mechanical advantage. Vehicle speed control was attained by the use of an ignition cutout

on the tow vehicle that had becn configurcd for the correct speed.
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6. APPENDIX (continued)

For tests involving a pickup truck, an accelerator switch was focated on the rear of the truck
bed. Activating the switch opened an electric solenoid which, in turn. released compressed CO-
from 4 reservoir into a pneumatic ram that had been attached to the accelerator pedal. The CO-
pressure for the accelerator ram was regulated to the same pressure as the remote braking system
with a valve to adjust CO» flow rate. A speed control device, connected in-line with the ignition
module signal to the coil. was used to regulate the speed of the test vehicle based on the signal
from the vehicle transmission speed sensor.  This device was calibrated prior to the test by
conducting a secries of trial runs through a speed trap comprised of two tape switches set a
specified distance apart and a digital timer. A microswitch was mounted below the front bumper
and connected to the 1gnition system. A trip plate on the ground near the impact point triggered
the switch when the truck passed over it. The switch opened the ignition circuit and shut off the

vehicle™s engine prior o impact.
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6. APPENDIX (continucd)
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Table 6-1 - Test 562 Vehicle Dimensions
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6. APPENDIX (continued)

DATE: 3 M=k

NIOREL_ i Pk Ui YEAR:

Table 6-2 - Test 564 Vehicle Dimensions

TEST NO:__ 563

1ikE%

TIRE INFLATION PRESSURE: __6dli]"5])

VINNO:  JGUECIAREIE[ M3

ODOMETER: __f1(H8 (1)

MAKE:__ClIYY

FIRE SE2E:_ 17275 790040

ALANS DIS FRIBU THON ghg) LF il RE SR 147 % {30
DESCRIBE ANY DAMAGE TO VENICLE PRIOR TO TEST: NO3|
=3 o
_f— Y et
i \_i L:JJ
b
A N WEL . [ & - s warL ENGINFE TYPE: (a3 V¥
TRACK ‘\ o] TRACK el
H ENGINE CLD: 33
{
== \ i TRANNAISSION TYPE
\. J o, | S —
N ALTO
TR DY, —==—— P TKST IMIRTIAL €M ATASNL AL
WHELL OtA Q—=
OFTHON AL EQUIPMENT:
.
- i / Al
_ o Crailer liel)
ra et P
=
bvd D
//"\\ T
o
L7 /\)1 " DUMMY DATA;

Q)

TYPE:__NA
ALANS: NA
— & c 3
v M, SEAT POSITION: A
r
GEOMETRY (et}
A | D |84 G A0 K ot i N (A7 Q0_ 44 8
I Hin E |RINL] " 1l 1. 05 (] i =
C__ Uil F S5 4 J 25 M LR P 740
MASN - (k) CURI TEST INERTIAL
A B0 130 % TRUE
A2 1498 R7E §75.4
A L] RrEAl L AT

46




6. APPENDIX (continued)

Table 6-3 - Test 565 Vehicle Dimensions
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6. APPENDIX (continued)

Table 6-4 - Test 566 Vehicte Dimensions
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6. APPLNDIX (continued)

Table 6-5 - Test 567 Vehicle Dimensions
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6. APPENDIX (continued)

6.2.  Test Vehicle Guidance System

A rail guidance system directed the vehicle into the barrier. The guidance rail, anchored at
3.8-m intervals along its length, was used to guide a mechanical arm. which was attached to the
front left wheel of each of the test vehicles. A plate and lever were used to trigger the release
mechanism on the guidance arm, thereby relecasing the vehicle from the guidance system before

impact.
6.3. Photo - Instrinnentation

Several high-speed movie cameras recorded the impact during the crash tests. The types of

cameras and their locations are shown in

Figure 6-1 and Table 6-6. All of these cameras were mounted on tripods except the three
that were mounted on a 10.7-m tower and placed directly over the mtended impact point of the

test barrier.,

A video camera and a 16-mm film camera werc wumed on by hand and used for panning
duning the test. Switches on a console trailer near the impact area remotely triggered all other
cameras. Both the vehicle and barrier were photographed before and after impact with a normat-
speed movie camera, a beta video camera and a color still camera. A film report ot this project

has been assembled using edited portions of the crash testing coverage,
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6. APPLENDIX (continued)
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Figure 6-1 - Camera Locations

Typical Coordinates, m
Camera Lalm Siee Cumera Rate: I'ypical Test
Label (I Tvpe (fr./see) x= Y* i
LI t LOCAM 1 400 294 m -0.7m 1.5m
1.2 16 LOCAM 2 400 0 (} 1Zm
[.3 s LOCAM 3 400 331 m +42m 1.5m
[4 I LLOCANM4 400 -6m 0 I2m
[ [ s LOUAM S 400 -76.2m -7m 35%m
[ 6 It LOCAM 6 400 0 +.6Hm 12m
.5 | tx LOCAMS 400 ~1m NEREN 1.5m
G |+ GISMO o4 -7.om 172 m 6m
Ay 1.27 SONY BETACAM an 3.0m -12.7m I.5m
11 KR HULCHLER 40 -755 m -2.5m 3.5m
Nate:  Camera location measurements were surveyed after each test. For each test in this
series the cameras were placed in nearly identical locations allawing the average
location 10 be recorded in this table.
*X, Y and Z distances are relative 10 the impact point.

Table 6-6 — Typical Camera Type and Locations
The tollowing are the pretest procedures that were required to enable film data reduction to
be performed using a film motion analyzer:

1) Buttertly targets were attached to the top and sides of each test vehicle, The targets werc

located on the vehicle at intervals of 305, 610 and 1219 mm (1, 2 and 4 feet.). The targets



6. APPENDIX (_continued)

established scale factors and horizontal and vertical alignment. The test barrier segments were

targeted with stencited numbers on each.

2) Flashbulbs, mounted on the test vehicle. were electronically triggered to establish 1)
initial vehicle-to-barrier contact, and 2) the time of application for the vehicle brakes. The
impact flashbulbs begin to glow immediately upon activation, but have a delay of several

milliscconds betore lighting up to full intensity.

3) Five tape switches. placed at 4-m intervals, were attached to the ground near the barrier
and were perpendicular to the path of the test vehicle. Flash bulbs were activated scquentially
when the tires of the test vehicle rolled over the tape switches. The tlashbulb stand was placed in
view of most of the cameras. The flashing bulbs were used to correlate the cameras with the
impact events and to calculate the impact speed independently of the electronic speed trap. The

tape switch layout is shown in Figure 6-2.

4) High-speed cameras had timing light generators which exposed red timing pips on the

film at a rate of 100 per second. The pips were used to determine camera frame rates.
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Figure 6-2 - Tape Switch Layout
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6. APPENDIX (continued)

6.3.1. Flectronic Instrumentation and Data

Transducer data were recorded on a Pacific Instruments digital transient data recorder
(TDR) model 5600, which was mounted in the vehicle. The transducers mounted on the test
vehicles included two sets of accelerometers and one set of rate gyros at the center of gravity.

The TDR data were reduced using a desktop computer.

Three pressurc-activated tape switches were placed on the ground in front of the test barrier,
They werc spaced at carcfully measured intervals of 4 m. When the test vehicle ures passed over
them, the switches produced sequential impulses or "event bhlips" which were recorded
concurrently with the accelerometer signals on the TDR, serving as "cvent markers". A tape
switch on the tront bumper of the vehicle closed at the instant of impact and triggered two
events: 1) an "event marker” was added to the recorded data, and 2) a tlash bulb mounted on the
top of the vehicle was activated, The impact velocity of the vehicle could be determined from
the tapc switch impulses and timing cycles. Two other tape switches, connected 1o a speed trap,
were placed 4 m apart just upstream of the test barrier specifically to establish the impact speed

of the test vehicles. The tape switch layout for all tape switches is shown in Figure 6-2.

[

The data plots are shown in Figure 6-4 through Figure 6-19 and include the accelerometer
and rate gyro records from the test vehicles. They also show the longitudinal vetocity and
displacement versus time. These plots were needed to caleulate the occupant impact velocity
defined in NCHRP Report 350. All data were analyzed using software written by DADISP and

maodified by Caltrans,



6. APPENDIX (continued)

Table 6-7 - Accelerometer Specifications

TYPE \ LOCATION | RANGE | ORIENTATION | TEST NUMBER
FNDEVCO VEHICLE: C.G. 100 G ‘ LONGITUDINAL 551,352
ENDEVCO VEHICLE C.G. ? 100 G : LATERAL 551,552
ENDLEVCO | VEHICLE C.G. 100 G VERTICAL : 551,332
HUMPHREY | VEHICLE C.G. 180 DEG/SEC | ROLL 551,352
HUMPHREY VEHICLE C.G. | 90 DEG/SEC | PITCH 55'1. 332
HUMPHREY VEHICLE C.G. 1 180 DEG/SEC YAW | 551,552
ENDEVCO VEHICLE C.G. | 100 G LONGITUDINAL 351, 352
ENDEVCO 4 VENICLLE C.G. | 100 G LATERAL i 551.35352
ENDEVCO |+ VEHICLE C.G. 100 G VERTICAL 351,552

Figure 6-3 - Vehicle Accelerometer Sign Convention
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Detailed Drawing
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Figure 6-20 - Type 60K-v1, v2
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70

Figure 6-21 - Type 60k-v3 profile
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0. APPLNDIX (continued)

1

Figure 6-22 - Type 60K-v3 cnd steel detail
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Figure 6-23 - Type 60K-v3 connection plate detail
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APPENDIX {continucd)
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Figure 6-24 - Type 60K-v3 connection plate locations
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Figure 25 - Type 60K-v3 connection pin
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